Gram-positive, rod-shaped bacteria, strains Hh8 T , Hh15
The genus Cryobacterium, proposed by Suzuki et al. (1997) , includes Gram-positive aerobes that have a pleomorphic rod-shaped morphology. At the time of writing, the genus Cryobacterium comprises five recognized species, Cryobacterium psychrophilum (Inoue & Komagata, 1976; Suzuki et al., 1997) , Cryobacterium psychrotolerans (Zhang et al., 2007) , Cryobacterium mesophilum (Dastager et al., 2008) , Cryobacterium roopkundense (Reddy et al., 2010) and Cryobacterium arcticum (Bajerski et al., 2011) .
During a study of bacterial biogeography in glaciers in China, three Cryobacterium-like strains, Hh8 T , Hh15
T and Hh40-2, were isolated from ice of the No. 1 glacier in Xinjiang Uygur Autonomous Region. The three strains were analysed by using a polyphasic taxonomic approach. Based on molecular and phenotypic data, including phylogenetic analysis, DNA-DNA hybridization, biochemical and physiological tests, fatty acid analysis and menaquinone system analysis, we suggest that these strains represent two novel species of the genus Cryobacterium.
Strains Hh8
T , Hh15 T and Hh40-2 were isolated by using PYG medium [w/v: 0.5 % Bacto peptone (Difco), 0.02 % yeast extract, 0.5 % glucose, 0.3 % beef extract, 0.05 % NaCl, 0.15 % MgSO 4 . 7H 2 O, pH adjusted to 7.0] at 14 u C and stored at 280 u C in 30 % (v/v) glycerol. C. psychrophilum CGMCC 1.4292 T , C. mesophilum CGMCC 1.10440 T , C. psychrotolerans CGMCC 1.5382 T and C. roopkundense JCM 15131
T were used as reference strains for phenotypic tests and fatty acid analysis. These strains were routinely incubated at 14 u C in PYG medium, except C. mesophilum, which was incubated at 28 u C.
Cell morphology was examined with an Axioplan 2 microscope. Colony appearance was observed on PYG agar plates after incubation at 14 u C. The temperature range (0-35 u C, intervals of 1 u C), pH (4-13, intervals of 0.5 pH units) and NaCl (0-6 %, intervals of 0.5 % NaCl) tolerance for growth were determined on PYG after 14-21 days at 14 u C. Strains were incubated in an anaerobic jar by using the Oxoid atmosphere generation system to test the requirement of O 2 . Growth with carbon sources was tested at 14 u C according to Dong & Cai (2001) and the results were confirmed after 15-20 days. In addition, the strains were characterized biochemically by using API 20E, API 20NE and API ZYM strips (bioMérieux), according to the manufacturer's instructions. Acid production was analysed by using API 50CH strips with API CHB medium (bioMérieux), according to the manufacturer's directions. Table 1 summarizes the data obtained from these comparative studies. Starch and casein hydrolysis and lipase (Tweens 20, 40 and 80) activity were tested according to the method of Dong & Cai (2001) .
Menaquinones were extracted and purified according to the method of Collins (1985) and were analysed by HPLC The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequences of strains Hh8
T and Hh15 T are HQ845195 and HQ845193, respectively. (Wu et al., 1989) . For analysis of cellular fatty acids, strains Hh8 T , Hh15 T and Hh40-2 and the five reference type strains were grown on PYG plates at 14 u C for 4 days. Cellular fatty acids were saponified, methylated, extracted and analysed by using the standard MIDI 6.0 system (Sasser, 1990 ). An Agilent GC 6890 gas chromatograph was used and comparisons were made based on the TSBA 6.0 database. Polar lipids were extracted, separated by twodimensional TLC and identified as described by Minnikin et al. (1977) . The amino acid of the cell-wall peptidoglycan was determined as described by Komagata & Suzuki (1987) . The predominant menaquinones of strain Hh8
T were MK-10 (28.3 %), MK-11 (34.3 %) and MK-12 (25.8 %). The predominant menaquinones of strain Hh15
T were MK-10 (18.0 %), MK-11 (33.6 %) and MK-12 (35.9 %). The major cellular fatty acids of the three strains were anteiso-C 15 : 0 , iso-C 16 : 0 , iso-C 15 : 0 and anteiso-C 15 : 1 A (see Table S1 available in IJSEM Online). The polar lipids were diphosphatidylglycerol, phosphatidylglycerol and one unidentified glycolipid (Fig. S1 ). All three strains contained 2,4-diaminobutyric acid as the major cell-wall diamino acid.
Two universal primers for bacterial 16S rRNA genes (27f, 59-AGAGTTTGATCCTGGCTCAG-39; 1492r, 59-AAGGA-GGTGATCCAGCCGC-39) were used for PCR amplification, and the 16S rRNA genes were sequenced. The CLUSTAL W program (Thompson et al., 1994) was used to perform a multiple sequence alignment between 16S rRNA gene sequences from strains Hh8
T , Hh15 T , Hh40-2 and phylogenetically related taxa (obtained from the NCBI database). Phylogenetic trees were reconstructed according to the neighbour-joining (Saitou & Nei, 1987) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) algorithms by using the software package MEGA 4.0 (Tamura et al., 2007) . Parsimony analysis was achieved according to Kimura's two-parameter model for the neighbour-joining method. Tree topology and distances were evaluated by using a bootstrap analysis based on 1000 resamplings. 16S rRNA gene sequence analysis ( Fig. 1) The G+C content of the DNA was tested by the thermal denaturation method (Marmur & Doty, 1962) with Escherichia coli K-12 as the reference. Levels of DNA-DNA relatedness were determined between the new isolates and the type strains of closely related species of the genus Cryobacterium. The type strains of C. mesophilum and C. Glycerol
NT Two novel Cryobacterium species arcticum were omitted from these experiments because levels of 16S rRNA gene sequence similarity between them and the new isolates were less than 97.0 % (Stackebrandt & Goebel, 1994) . The initial DNA-DNA liquid reassociation rate was used for the determination of DNA-DNA relatedness as described by De Ley et al. (1970) . The tests were performed on a model Lambda 35 UV/VIS spectrometer equipped with a temperature programme controller (Perkin-Elmer). The level of DNA-DNA relatedness between strains Hh15 T and Hh40-2 was 100 %, indicating that the two strains were members of the same genomic species (Wayne et al., 1987) . They also have almost identical phenotypic properties. Levels of DNA-DNA relatedness between strain Hh8
T and strain Hh15 T and the type strains of C. psychrophilum, C. psychrotolerans and C. roopkundense were 35.7±11.5, 18.6±6.2, 16.5±2.0 and 25.1±15.0 % (mean±SD of three independent determinations), respectively. DNA-DNA relatedness between strain Hh15
T and the type strains of its three closest phylogenetic neighbours were as follows: C. psychrophilum, 14.2±9.1 %; C. psychrotolerans, 9.8±5.1 %; C. roopkundense, 16.6±1.9 %. The DNA-DNA relatedness results were far below the 70 % threshold proposed by Wayne et al. (1987) for indicating species status, and indicated that strains Hh8 T and Hh15 T were different from the type strains of recognized species of the genus Cryobacterium, and different from each other. The DNA G+C contents of strains Hh8 T , Hh15 T and Hh40-2 were 63.7 mol%.
On the basis of the phenotypic, genotypic and phylogenetic data presented, we conclude that strains Hh8 T , Hh15
T and Hh40-2 represent two novel species of the genus Cryobacterium, for which the names Cryobacterium flavum sp. nov. and Cryobacterium luteum sp. nov. are proposed. The type strain, Hh8
Description of
T (5CGMCC 1.11215 T 5NBRC 107879 T ), was isolated from ice of the No. 1 glacier in Xingjiang Uygur Autonomous Region, north-west China. The DNA G+C content of the type strain is 63.7 mol%. T , Hh15 T and Hh 40-2 and related taxa based on 16S rRNA gene sequence comparisons by using the neighbour-joining method (Saitou & Nei, 1987) . GenBank accession numbers of 16S rRNA gene sequences are given in parentheses. Numbers at branch points represent confidence levels based on bootstrap sampling of 1000 replicates. Bar, 0.005 nt substitutions.
